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1
DIISOPROPYL FUMARATE-CINNAMIC ACID
DERIVATIVE COPOLYMER AND
RETARDATION FILM USING THE SAME

TECHNICAL FIELD

The present invention relates to a novel diisopropyl fuma-
rate-cinnamic acid derivative-based copolymer and a retarda-
tion film using the same. More specifically, the present inven-
tion relates to a novel diisopropyl fumarate-cinnamic acid
derivative-based copolymer suitable for a retardation film
having a high out-of-plane retardation even in the form of a
thin film, particularly suitable for an optical compensation
film of a liquid crystal display element.

BACKGROUND ART

A liquid crystal display is being widely used as a most
important display device in the multimedia society, including
applications ranging from a cellular phone to a computer
monitor, a laptop computer and a television set. In a liquid
crystal display, many optical films are used so as to enhance
display characteristics, and, among others, a retardation film
plays a great role, for example, in improving the contrast
when viewed from the front and oblique directions and the
color tone compensation. As the conventional retardation
film, a polycarbonate or a cyclic polyolefin is used, and all of
these polymers are a polymer having a positive birefringence.
Here, the “positive” and “negative” of the birefringence are
defined as follows.

The optical anisotropy of a polymer film provided with
molecular orientation by stretching or the like can be
expressed by a refractive index ellipsoid shown in FIG. 1.
Here, in the case of a stretched film, the refractive index in the
fast axis direction in the film plane is denoted by nx, the
refractive index in the film in-plane direction orthogonal
thereto is denoted by ny, and the refractive index in the thick-
ness direction of the film is denoted by nz. Incidentally, the
fast axis indicates an axial direction in which the refractive
index in the film plane is low.

The negative birefringence means that the stretching direc-
tion becomes the fast axis direction, and the positive birefrin-
gence means that the direction perpendicular to the stretching
direction becomes the fast axis direction.

That is, uniaxial stretching of a polymer having negative
birefringence results in a small refractive index in the stretch-
ing axis direction (fast axis: stretching direction), and
uniaxial stretching of a polymer having positive birefringence
results in a small refractive index in the axial direction per-
pendicular to the stretching axis (fast axis: direction perpen-
dicular to the stretching direction).

Many of polymers have positive birefringence. The poly-
mer having negative birefringence includes an acrylic resin
and polystyrene, but the acrylic resin develops small retarda-
tion and shows insufficient properties as a retardation film.
The polystyrene has: a problem with the retardation stability,
for example, its large photoelastic coefficient in the low tem-
perature region allows a change of the retardation with a
slight stress; a problem in the optical properties, that is, the
wavelength dependency of the retardation is high; and fur-
thermore, a practical problem that the heat resistance is low.
Therefore, this polymer is not used at present.

The wavelength dependency of the retardation as used
herein means that the retardation varies depending on the
measuring wavelength, and this can be expressed as a ratio
R450/R550 of the retardation measured at a wavelength of
450nm (R450) to the retardation measured at a wavelength of
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550 nm (R550). In general, a polymer having an aromatic
structure strongly tends to have a large value of R450/R550,
leading to reduction in the contrast or viewing angle charac-
teristics in a low wavelength region.

A stretched film of a polymer showing negative birefrin-
gence has a high refractive index in the film thickness direc-
tion and can be an unprecedented retardation film, and there-
fore, this film is useful as a retardation film for compensating
the viewing angle characteristics of a display such as super-
twisted nematic liquid crystal display (STN-LCD), vertical-
alignment liquid crystal display (VA-LCD), in-plane switch-
ing liquid crystal display (IPS-L.CD) and reflective liquid
crystal display (reflective LCD), or as a film for compensating
the viewing angle of a polarizing plate, and the demand on the
market for a retardation film having negative birefringence is
strong.

Methods for producing a film with a heightened refractive
index in the thickness direction of the film by using a polymer
compound having positive birefringence have been proposed.
One of these is a treatment method including adhering a
heat-shrinkable film to one or both surfaces of a polymer film
and heat-stretching the laminate to apply a shrinkage force in
the film thickness direction of the polymer film (see, for
example, Patent Documents 1 to 3). Also, a method of uniaxi-
ally stretching a polymer film in an in-plane direction while
applying an electric field thereto has been proposed (see, for
example, Patent Document 4).

In addition, a retardation film composed of fine particles
having negative optical anisotropy and a transparent polymer
compound has been proposed (see, for example, Patent Docu-
ment 5).

However, the methods proposed in Patent Documents 1 to
4 have a problem that the production process is very compli-
cated, resulting in poor productivity. Also, control of, e.g.,
uniformity of the retardation is extremely difficult compared
with the conventional control by stretching.

In the case of using a polycarbonate as the base film, its
large photoelastic coefficient at room temperature allows a
change in the retardation with a slight stress, giving rise to a
problem with the retardation stability. This film also has a
problem of large wavelength dependency of the retardation.

The retardation film obtained in Patent Document 5 is a
retardation film imparted with negative birefringence by add-
ing fine particles having negative optical anisotropy, and in
view of simplification and profitability of the production
method, a retardation film not requiring the addition of fine
particles is demanded.

Furthermore, a fumaric acid diester-based resin and a film
composed of the resin have been proposed (see, for example,
Patent Documents 6 to 10).

BACKGROUND ART DOCUMENT
Patent Document

Patent Document 1: Japanese Patent No. 2818983

Patent Document 2: JP-A-5-297223 (the term “JP-A” as
used herein means an “unexamined published Japanese
patent application™)

Patent Document 3: JP-A-5-323120

Patent Document 4: JP-A-6-88909

Patent Document 5: JP-A-2005-156862

Patent Document 6: JP-A-2008-112141

Patent Document 7: JP-A-2012-032784

Patent Document 8: International Publication No. 2012/
005120, pamphlet

Patent Document 9: JP-A-2008-129465

Patent Document 10: JP-A-2006-193616
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SUMMARY OF INVENTION

Problem that Invention is to Solve

The fumaric acid diester-based resins and the films com-
posed of the resin, proposed in Patent Documents 6 to 10,
have a high out-of-plane retardation, but a film having a
higher out-of-plane retardation even as a thin film is
demanded at present.

An object of the present invention is to provide a novel
diisopropyl fumarate-cinnamic acid derivative-based copoly-
mer suitable for a retardation film excellent in the optical
properties ensuring that even a thin film using the specific
copolymer has a high out-of-plane retardation.

Means for Solving Problem

As a result of intensive studies to attain the above-de-
scribed object, the present inventors have found that those
problems can be solved by a specific diisopropyl fumarate-
cinnamic acid derivative-based copolymer. The present
invention has been accomplished based on this finding.

More specifically, the gist of the present invention resides
in the following [1] to [6].

[1] A diisopropyl fumarate-cinnamic acid derivative-based
copolymer, comprising:

a diisopropyl fumarate residue unit; and

a cinnamic acid residue unit or a cinnamic acid ester resi-
due unit having an alkyl group with a carbon number of 1 to
6.

[2] Preferably, the diisopropyl fumarate-cinnamic acid
derivative-based copolymer as described in [1] above, com-
prising:

from 50 to 99 mol % of a diisopropyl fumarate residue unit;
and

from 1 to 50 mol % of a cinnamic acid residue unit or from
1 to 50 mol % of a cinnamic acid ester residue unit having an
alkyl group with a carbon number of 1 to 6.

[3] Preferably, the diisopropyl fumarate-cinnamic acid
derivative-based copolymer as described in [1] or [2] above,

wherein a number average molecular weight in terms of
standard polystyrene is from 30,000 to 500,000.

[4] Preferably, the diisopropyl fumarate-cinnamic acid
derivative-based copolymer as described in any one of [1] to
[3] above, which is a copolymer selected from the group
consisting of a diisopropyl fumarate-methyl cinnamate
copolymer, a diisopropyl fumarate-ethyl cinnamate copoly-
mer, and a diisopropyl fumarate-isopropyl cinnamate copoly-
mer.

[5] A retardation film using the diisopropyl fumarate-cin-
namic acid derivative-based copolymer as described in any
one of [1] to [4] above.

[6] Preferably, the retardation film as described in [5]
above,

wherein when a refractive index in a fast axis directionin a
film plane is denoted by nx, a refractive index in a film
in-plane direction orthogonal thereto is denoted by ny, and a
refractive index in a film thickness direction is denoted by nz,
respective refractive indices satisfy relationship of nx=ny<nz.

Effects of Invention

The diisopropyl fumarate-cinnamic acid derivative-based
copolymer of the present invention is a diisopropyl fumarate-
cinnamic acid derivative-based copolymer suitable for a
retardation film excellent in the optical properties ensuring
that, for example, even a thin film has a high out-of-plane
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retardation and the refractive index in the film thickness
direction is large, and among others, suitable for an optical
compensation film of a liquid crystal display element.

BRIEF DESCRIPTION OF DRAWING

[FIG. 1] A view showing the change of the refractive index
ellipsoid by stretching.

MODE FOR CARRYING OUT INVENTION

The diisopropyl fumarate-cinnamic acid derivative-based
copolymer suitable for a retardation film of the present inven-
tion is described in detail below.

The diisopropyl fumarate-cinnamic acid derivative-based
copolymer of the present invention contains a diisopropyl
fumarate residue unit and a cinnamic acid residue unit or a
cinnamic acid ester residue unit having an alkyl group with a
carbon number of 1 to 6.

In the cinnamic acid ester residue unit having an alkyl
group with a carbon number of 1 to 6, the alkyl group with a
carbon number of 1 to 6 is independent of one another and
includes, for example, a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a tert-butyl group, an n-pentyl group, and an
n-hexyl group. This alkyl group may be substituted with a
halogen group such as fluorine and chlorine, an ether group,
an ester group, an amino group, or the like. The cinnamic acid
ester residue unit having an alkyl group with a carbon number
of'1 to 6 includes, for example, a methyl cinnamate residue,
an ethyl cinnamate residue, an n-propyl cinnamate residue, an
isopropyl cinnamate residue, an n-butyl cinnamate residue,
an isobutyl cinnamate residue, a tert-butyl cinnamate residue,
an n-pentyl cinnamate residue, and an n-hexyl cinnamate
residue. One of these or two or more thereof may be con-
tained.

Specifically, the diisopropyl fumarate-cinnamic acid ester
copolymer in the present invention includes, for example, a
diisopropyl fumarate-methyl cinnamate copolymer, a diiso-
propyl fumarate-ethyl cinnamate copolymer, a diisopropyl
fumarate-n-propyl cinnamate copolymer, a diisopropyl
fumarate-isopropyl cinnamate copolymer, a diisopropyl
fumarate-n-butyl cinnamate copolymer, a diisopropyl fuma-
rate-isobutyl cinnamate copolymer, a diisopropyl fumarate-
tert-butyl cinnamate copolymer, a diisopropyl fumarate-n-
pentyl cinnamate copolymer, and a diisopropyl fumarate-n-
hexyl cinnamate copolymer. Among these, a diisopropyl
fumarate-methyl cinnamate copolymer, a diisopropyl fuma-
rate-ethyl cinnamate copolymer, a diisopropyl fumarate-n-
propyl cinnamate copolymer, a diisopropyl fumarate-isopro-
pyl cinnamate copolymer, a diisopropyl fumarate-n-butyl
cinnamate copolymer, a diisopropyl fumarate-isobutyl cin-
namate copolymer, a diisopropyl fumarate-tert-butyl cin-
namate copolymer, and the like are preferred, because when
formed as a thin film, a film excellent in the retardation is
more easily obtained.

The diisopropyl fumarate-cinnamic acid derivative-based
copolymer of the present invention may contain other mono-
mer residue units as long as they do not depart from the scope
of the present invention, and other monomer residue units
include, for example, one member or two or more members
selected from a residue unit of styrenes, such as styrene
residue unit and a-methylstyrene residue unit; a (meth)
acrylic acid residue unit; a (meth)acrylic acid ester residue
unit such as methyl (meth)acrylate residue unit, ethyl (meth)
acrylate residue unit and butyl (meth)acrylate residue unit; a
residue unit of vinyl esters, such as vinyl acetate residue unit
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and vinyl propionate residue unit; an acrylonitrile residue
unit; a methacrylonitrile residue unit; a residue unit of vinyl
ethers, such as methyl vinyl ether residue unit, ethyl vinyl
ether residue unit and butyl vinyl ether residue unit; a residue
unit of N-substituted maleimides, such as N-methylmaleim-
ide residue unit, N-cyclohexylmaleimide residue unit and
N-phenylmaleimide residue unit; a residue unit of olefins,
such as ethylene residue unit and propylene residue unit; and
a residue unit of fumaric acid diesters other than the diiso-
propyl fumarate residue unit, such as di-n-butyl fumarate
residue unit and bis(2-ethylhexyl) fumarate residue unit.

For the reason that a retardation film formed becomes
excellent in the retardation characteristics or strength, the
composition of the diisopropyl fumarate-cinnamic acid
derivative-based copolymer of the present invention prefer-
ably contains from 50 to 99 mol % of a diisopropyl fumarate
residue unit and from 1 to 50 mol % of a cinnamic acid residue
unit or from 1 to 50 mol % of a cinnamic acid ester residue
unit having an alkyl group with a carbon number of 1 to 6,
more preferably contains from 70 to 97 mol % of a diisopro-
py! fumarate residue unit and from 3 to 30 mol % of a cin-
namic acid residue unit or from 3 to 30 mol % of a cinnamic
acid ester residue unit having an alkyl group with a carbon
number of 1 to 6.

In the diisopropyl fumarate-cinnamic acid derivative-
based copolymer of the present invention, because of excel-
lent mechanical properties, the number average molecular
weight as determined in terms of standard polystyrene from
an elution curve measured by gel permeation chromatogra-
phy (GPC) is preferably from 30,000 to 500,000, more pref-
erably from 30,000 to 300,000.

With respect to the production method of the diisopropyl
fumarate-cinnamic acid derivative-based copolymer of the
present invention, as long as the diisopropyl fumarate-cin-
namic acid derivative-based copolymer is obtained, the
copolymer may be produced by any method and, for example,
can be produced by performing radical polymerization of
diisopropyl fumarate and cinnamic acid or a cinnamic acid
ester having an alkyl group with a carbon number of 1 to 6.

For the radical polymerization above, any known polymer-
ization method, for example, a bulk polymerization method,
a solution polymerization method, a suspension polymeriza-
tion method, a precipitation polymerization method or an
emulsion polymerization method, can be employed.

The polymerization initiator when performing radical
polymerization includes, for example, an organic peroxide
such as benzoyl peroxide, lauryl peroxide, octanoyl peroxide,
acetyl peroxide, di-tert-butyl peroxide, tert-butyl cumyl per-
oxide, dicumyl peroxide, tert-butyl peroxyacetate and tert-
butyl peroxybenzoate; and an azo-based initiator such as
2,2'-azobis(2,4-dimethylvaleronitrile), 2,2'-azobis(2-buty-
ronitrile), 2,2'-azobisisobutyronitrile, dimethyl-2'-azobi-
sisobutyrate and 1,1'-azobis(cyclohexane-1-carbonitrile).

The solvent usable in the solution polymerization method,
suspension polymerization method, precipitation polymer-
ization method or emulsion polymerization method is not
particularly limited and includes, for example, an aromatic
solvent such as benzene, toluene and xylene; an alcohol-
based solvent such as methanol, ethanol, propanol and
butanol; cyclohexane; dioxane; tetrahydrofuran; acetone;
methyl ethyl ketone; dimethyl formamide; and isopropyl
acetate; and further includes a mixed solvent thereof.

The polymerization temperature at the time of radical poly-
merization can be appropriately set according to the decom-
position temperature of the polymerization initiator, and in
general, the polymerization is preferably performed at 30 to
150° C., because the reaction control is easy.
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When an optical film is obtained using the diisopropyl
fumarate-cinnamic acid derivative-based copolymer, this
film is excellent in the optical properties ensuring a high
out-of-plane retardation even in the form of a thin film and
therefore, is suitably used as a retardation film.

The retardation film of the present invention is a retardation
film characterized in that when the refractive index in the fast
axis direction in the film plane is denoted by nx, the refractive
index in the film in-plane direction orthogonal thereto is
denoted by ny, and the refractive index in the film thickness
direction is denoted by nz, respective refractive indices sat-
isfy the relationship of nx=ny<nz. By satisfying nx=ny<nz, a
retardation film having excellent viewing angle compensa-
tion performance for STN-LCD, IPS-LCD, reflective LCD,
transflective LCD, etc. is obtained. Incidentally, the three-
dimensional refractive index of a film is generally controlled
by stretching or the like of the film and therefore, the produc-
tion process or quality control becomes complicated, but it
has been found that the retardation film of the present inven-
tion exhibits a peculiar behavior such that the refractive index
in the film thickness direction is high in an unstretched state.

In the case of using a diisopropyl fumarate-cinnamic acid
copolymer as the diisopropyl fumarate-cinnamic acid deriva-
tive-based copolymer of the present invention, for the reason
that the retardation film of the present invention becomes a
retardation film more excellent in the optical properties, the
out-of-plane retardation (Rth) represented by the following
formula (a) as measured at a wavelength of 550 nm is pref-
erably from -50 to =2,000 nm, more preferably from —100 to
-500 nm.

In the case of using a diisopropyl fumarate-cinnamic acid
ester copolymer as the diisopropyl fumarate-cinnamic acid
derivative-based copolymer of the present invention, for the
reason that the retardation film of the present invention
becomes a retardation film more excellent in the optical prop-
erties, the out-of-plane retardation (Rth) represented by the
following formula (a) as measured at a wavelength of 550 nm
is preferably from —100 to —2,000 nm, more preferably from
-100 to -500 nm, still more preferably from -180 to —500
nm.

Rith=((nx+ny)/2—nz)xd

(wherein d is the thickness of the film).

In the case of using a diisopropyl fumarate-cinnamic acid
copolymer as the diisopropyl fumarate-cinnamic acid deriva-
tive-based copolymer of the present invention, for the reason
that the retardation film of the present invention has a high
out-of-plane retardation even in the form of a thin film, the
relationship between the film thickness and the out-of-plane
retardation is, in terms of absolute value, preferably 4.5
nm/film thickness (um) or more, more preferably from 5to 15
nm/film thickness (um).

In the case of using a diisopropyl fumarate-cinnamic acid
ester copolymer as the diisopropyl fumarate-cinnamic acid
derivative-based copolymer of the present invention, for the
reason that the retardation film of the present invention has a
high out-of-plane retardation even in the form of a thin film,
the relationship between the film thickness and the out-of-
plane retardation is, in terms of absolute value, preferably 5.5
nm/film thickness (um) or more, more preferably from 6to 15
nm/film thickness (um).

The wavelength dependency of the retardation can be
expressed as the ratio R450/R550 of the retardation (R450)
measured at a wavelength of 450 nm to the retardation (R550)
measured at a wavelength of 550 nm.

In the case of using a diisopropyl fumarate-cinnamic acid
copolymer as the diisopropyl fumarate-cinnamic acid deriva-
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tive-based copolymer of the present invention, the R450/
R550 in the retardation film of the present invention is pref-
erably 1.1 or less, more preferably 1.08 or less, still more
preferably 1.05 or less.

In the case of using a diisopropyl fumarate-cinnamic acid
ester copolymer as the diisopropyl fumarate-cinnamic acid
derivative-based copolymer of the present invention, the
R450/R550 in the retardation film of the present invention is
preferably 1.2 or less, more preferably 1.18 or less, still more
preferably 1.15 or less.

In the retardation film of the present invention, for the
reason that the image quality characteristics when used in a
liquid crystal display element are improved, the light trans-
mittance is preferably 85% or more, more preferably 90% or
more. Also, the haze (degree of cloudiness) of the retardation
film is preferably 2% or less, more preferably 1% or less.

The production method of the retardation film of the
present invention is not particularly limited and includes, for
example, a solution casting method, a melt casting method,
and other methods.

The solution casting method is a method where a solution
(hereinafter referred to as dope) prepared by dissolving the
diisopropyl fumarate-cinnamic acid derivative-based copoly-
mer in a solvent is cast on a supporting substrate and then the
solvent is removed by heating, etc. to obtain a film. At this
time, as the method to cast the dope on a supporting substrate,
for example, a T-die method, a doctor blade method, a bar
coater method, a roll coater method and a lip coater method
are used. Among others, a method of continuously extruding
the dope from a die on a belt-shaped or drum-shaped support-
ing substrate is most commonly employed in industry. The
supporting substrate used includes, for example, a glass sub-
strate, a metal substrate such as stainless steel and ferrotype,
and a film such as polyethylene terephthalate. In the case of
forming a highly transparent film excellent in the thickness
accuracy and surface smoothness by the solution casting
method, the solution viscosity of the dope is a very important
factor and is preferably from 10 to 20,000 cPs, more prefer-
ably from 100 to 10,000 cPs.

For the reason that the handling of the film is easy, the
coating thickness after drying of the diisopropyl fumarate-
cinnamic acid derivative-based copolymer is preferably from
1 to 200 um, more preferably from 5 to 100 um, still more
preferably from 10 to 50 um.

The melt casting method is a molding method where a
diisopropyl fumarate-cinnamic acid derivative-based copoly-
mer is melted in an extruder and extruded in a film form from
the slit of a T-die and the film is taken off while cooling by a
roll, an air, etc.

The retardation film of the present invention can be used by
separating it from a glass substrate or another optical film as
the base material or can also be used as a laminate with a glass
substrate or another optical film as the base material.

In addition, the retardation film of the present invention can
be laminated with a polarizing plate and used as a circularly or
elliptically polarizing plate or can also be formed into a polar-
izing plate by laminating it with a polarizer containing poly-
vinyl alcohol/iodine or the like. Furthermore, the retardation
films of the present invention can be laminated with each
other, or the retardation film of the present invention can be
laminated with another retardation film.

In the retardation film of the present invention, an antioxi-
dant is preferably blended at the time of film molding or for
the purpose of increasing heat stability of the retardation film
itself. The antioxidant includes, for example, a hindered phe-
nol-based antioxidant, a phosphorus-based antioxidant, and
other antioxidants. These antioxidants may be used individu-
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ally or in combination. For the reason that the antioxidant
action is synergistically enhanced, a hindered antioxidant and
a phosphorus-based antioxidant are preferably used in com-
bination. At that time, it is more preferable, for example, to
mix and use the phosphorus-based antioxidant in an amount
01 100 to 500 parts by weight per 100 parts by weight of the
hindered antioxidant. Also, in view of excellent antioxidant
action, the amount of the antioxidant added is preferably from
0.01 to 10 parts by weight, more preferably from 0.5 to 1 part
by weight, per 100 parts by weight of the diisopropyl fuma-
rate-cinnamic acid derivative-based copolymer constituting
the retardation film of the present invention.

Furthermore, for example, an ultraviolet absorber such as
benzotriazole, benzophenone, triazine and benzoate may be
blended as an ultraviolet absorber, if desired.

In the retardation film of the present invention, as long as
the gist of the present invention is observed, other polymer
compounds, a surfactant, a polymer electrolyte, an electri-
cally conductive complex, an inorganic filler, a pigment, an
antistatic agent, an anti-blocking agent, a lubricant, and the
like may be blended.

According to the present invention, a diisopropyl fuma-
rate-cinnamic acid derivative-based copolymer suitable for a
retardation film having excellent optical properties ensuring
that, for example, the refractive index in the film thickness
direction is large, the out-of-plane retardation is large and the
wavelength dependency is small, which is useful as a film for
compensating the contrast or viewing angle characteristics of
a liquid crystal display or as an antireflection film, can be
provided.

EXAMPLES

The present invention is described below by referring to
Examples, but the present invention is not limited to these
Examples.

Incidentally, various physical properties described in
Examples were measured by the following methods.
<Composition of Diisopropyl Fumarate-Cinnamic Acid
Derivative-based Copolymer>

The composition was determined from the spectral analy-
sis in proton nuclear magnetic resonance spectroscopy (*H-
NMR) by using a nuclear magnetic resonance analyzer (trade
name: JNM-GX270, manufactured by JEOL Ltd.).
<Measurement of Number Average Molecular Weight>

The molecular weight was measured at 40° C. on a gel
permeation chromatograph (GPC) apparatus (trade name:
C0-8011 manufactured by Tosoh Corp. (equipped with col-
umn GMH,,.-H)) by using tetrahydrofuran as the solvent and
determined as the value in terms of standard polystyrene.
<Evaluation Method of Transparency>

The total light transmittance and haze of the film were
measured using a haze meter (trade name: NDH5000, manu-
factured by Nippon Denshoku Industries Co., Ltd.).
<Measurement of Refractive Index>

The refractive index was measured using an Abbe’s refrac-
tometer (manufactured by Atago Co., Ltd.) in conformity
with JIS K 7142 (1981).
<Measurement of Retardation and Three-dimensional
Refractive Index of Film>

The retardation and three-dimensional refractive index
were measured using an automatic birefringence meter (trade
name: KOBRA-WR, manufactured by Oji Scientific Instru-
ments).
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Example 1

Synthesis 1 of Diisopropyl Fumarate/Cinnamic Acid
Copolymer

A glass ampule having a volume of 75 ml, was charged
with 50 g (0.25 mol) of diisopropyl fumarate, 1.9 g (0.013
mol) of cinnamic acid and 0.29 g (0.0016 mol) of tert-butyl
peroxypivalate as a polymerization initiator and after repeat-
ing purging with nitrogen and release of the pressure, sealed
in the pressure-reduced state. This ampule was placed in a
constant temperature bath at 50° C. and held for 48 hours,
thereby performing radical polymerization. After the comple-
tion of polymerization reaction, the polymerization product
was taken out of the ampule and dissolved in 400 g of tet-
rahydrofuran. The resulting polymer solution was added
dropwise, for precipitation, to 3 L. of methanol, and the pre-
cipitate was vacuum-dried at 80° C. for 10 hours to obtain 21
g of a diisopropyl fumarate/cinnamic acid copolymer (yield:
41%).

The number average molecular weight of the obtained
diisopropyl fumarate/cinnamic acid copolymer was 138,000.

Also, the 'H-NMR measurement confirmed that the
copolymer composition was diisopropyl fumarate residue
unit/cinnamic acid residue unit=97/3 (mol %).

Example 2

Synthesis 2 of Diisopropyl Fumarate/Cinnamic Acid
Copolymer

A glass ampule having a volume of 75 ml, was charged
with 50 g (0.25 mol) of diisopropyl fumarate, 6.5 g (0.044
mol) of cinnamic acid and 0.32 g (0.0018 mol) of tert-butyl
peroxypivalate as a polymerization initiator and after repeat-
ing purging with nitrogen and release of the pressure, sealed
in the pressure-reduced state. This ampule was placed in a
constant temperature bath at 50° C. and held for 48 hours,
thereby performing radical polymerization. After the comple-
tion of polymerization reaction, the polymerization product
was taken out of the ampule and dissolved in 400 g of tet-
rahydrofuran. The resulting polymer solution was added
dropwise, for precipitation, to 3 L. of methanol, and the pre-
cipitate was vacuum-dried at 80° C. for 10 hours to obtain 19
g of a diisopropyl fumarate/cinnamic acid copolymer (yield:
34%).

The number average molecular weight of the obtained
diisopropyl fumarate/cinnamic acid copolymer was 122,000.

Also, the 'H-NMR measurement confirmed that the
copolymer composition was diisopropyl fumarate residue
unit/cinnamic acid residue unit=90/10 (mol %).

Example 3

Synthesis 3 of Diisopropyl Fumarate/Cinnamic Acid
Copolymer

A glass ampule having a volume of 75 ml, was charged
with 50 g (0.25 mol) of diisopropyl fumarate, 15.9 g (0.107
mol) of cinnamic acid and 0.21 g (0.0012 mol) of tert-butyl
peroxypivalate as a polymerization initiator and after repeat-
ing purging with nitrogen and release of the pressure, sealed
in the pressure-reduced state. This ampule was placed in a
constant temperature bath at 50° C. and held for 48 hours,
thereby performing radical polymerization. After the comple-
tion of polymerization reaction, the polymerization product
was taken out of the ampule and dissolved in 400 g of tet-
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rahydrofuran. The resulting polymer solution was added
dropwise, for precipitation, to 3 L. of methanol, and the pre-
cipitate was vacuum-dried at 80° C. for 10 hours to obtain 10
g of a diisopropyl fumarate/cinnamic acid copolymer (yield:
15%).

The number average molecular weight of the obtained
diisopropyl fumarate/cinnamic acid copolymer was 65,000.

Also, the 'H-NMR measurement confirmed that the
copolymer composition was diisopropyl fumarate residue
unit/cinnamic acid residue unit=79/21 (mol %).

Example 4

Synthesis 1 of Diisopropyl Fumarate/Cinnamic Acid
Ester Copolymer (Diisopropyl Fumarate/Ethyl
Cinnamate Copolymer)

A glass ampule having a volume of 75 ml. was charged
with 50 g (0.25 mol) of diisopropyl fumarate, 2.3 g (0.013
mol) of ethyl cinnamate and 0.29 g (0.0016 mol) of tert-butyl
peroxypivalate as a polymerization initiator and after repeat-
ing purging with nitrogen and release of the pressure, sealed
in the pressure-reduced state. This ampule was placed in a
constant temperature bath at 50° C. and held for 48 hours,
thereby performing radical polymerization. After the comple-
tion of polymerization reaction, the polymerization product
was taken out of the ampule and dissolved in 400 g of tet-
rahydrofuran. The resulting polymer solution was added
dropwise, for precipitation, to 3 L. of methanol, and the pre-
cipitate was vacuum-dried at 80° C. for 10 hours to obtain 16
g of a diisopropyl fumarate/cinnamic acid ester copolymer
(vield: 31%).

The number average molecular weight of the obtained
diisopropyl fumarate/cinnamic acid ester copolymer was
74,000.

Also, the 'H-NMR measurement confirmed that the
copolymer composition was diisopropyl fumarate residue
unit/ethyl cinnamate residue unit=95/5 (mol %).

Example 5

Synthesis 2 of Diisopropyl Fumarate/Cinnamic Acid
Ester Copolymer (Diisopropyl Fumarate/Ethyl
Cinnamate Copolymer)

A glass ampule having a volume of 75 ml. was charged
with 50 g (0.25 mol) of diisopropyl fumarate, 7.6 g (0.043
mol) of ethyl cinnamate and 0.32 g (0.0018 mol) of tert-butyl
peroxypivalate as a polymerization initiator and after repeat-
ing purging with nitrogen and release of the pressure, sealed
in the pressure-reduced state. This ampule was placed in a
constant temperature bath at 50° C. and held for 48 hours,
thereby performing radical polymerization. After the comple-
tion of polymerization reaction, the polymerization product
was taken out of the ampule and dissolved in 400 g of tet-
rahydrofuran. The resulting polymer solution was added
dropwise, for precipitation, to 3 L. of methanol, and the pre-
cipitate was vacuum-dried at 80° C. for 10 hours to obtain 7 g
of a diisopropyl fumarate/cinnamic acid ester copolymer
(vield: 13%).

The number average molecular weight of the obtained
diisopropyl fumarate/cinnamic acid ester copolymer was
55,000.

Also, the 'H-NMR measurement confirmed that the
copolymer composition was diisopropyl fumarate residue
unit/ethyl cinnamate residue unit=83/17 (mol %).
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Example 6

Synthesis 3 of Diisopropyl Fumarate/Cinnamic Acid
Ester Copolymer (Diisopropyl Fumarate-Ethyl
Cinnamate Copolymer)

A glass ampule having a volume of 75 ml, was charged
with 50 g (0.25 mol) of diisopropyl fumarate, 18.9 g (0.107
mol) of ethyl cinnamate and 0.39 g (0.0023 mol) of tert-butyl
peroxypivalate as a polymerization initiator and after repeat-
ing purging with nitrogen and release of the pressure, sealed
in the pressure-reduced state. This ampule was placed in a
constant temperature bath at 50° C. and held for 168 hours,
thereby performing radical polymerization. After the comple-
tion of polymerization reaction, the polymerization product
was taken out of the ampule and dissolved in 400 g of tet-
rahydrofuran. The resulting polymer solution was added
dropwise, for precipitation, to 3 L. of methanol, and the pre-
cipitate was vacuum-dried at 80° C. for 10 hours to obtain 13
g of a diisopropyl fumarate/cinnamic acid ester copolymer
(yield: 19%).

The number average molecular weight of the obtained
diisopropyl fumarate/cinnamic acid ester copolymer was
61,000.

Also, the 'H-NMR measurement confirmed that the
copolymer composition was diisopropyl fumarate residue
unit/ethyl cinnamate residue unit=71/29 (mol %).

Example 7

Synthesis 4 of Diisopropyl Fumarate/Cinnamic Acid
Ester Copolymer (Diisopropyl Fumarate-Methyl
Cinnamate Copolymer)

A glass ampule having a volume of 75 ml, was charged
with 50 g (0.25 mol) of diisopropyl fumarate, 7.2 g (0.043
mol) of methyl cinnamate and 0.16 g (0.0009 mol) of tert-
butyl peroxypivalate as a polymerization initiator and after
repeating purging with nitrogen and release of the pressure,
sealed in the pressure-reduced state. This ampule was placed
in a constant temperature bath at 46° C. and held for 168
hours, thereby performing radical polymerization. After the
completion of polymerization reaction, the polymerization
product was taken out of the ampule and dissolved in 400 g of
tetrahydrofuran. The resulting polymer solution was added
dropwise, for precipitation, to 3 L. of methanol, and the pre-
cipitate was vacuum-dried at 80° C. for 10 hours to obtain 5 g
of a diisopropyl fumarate/cinnamic acid ester copolymer
(yield: 8%).

The number average molecular weight of the obtained
diisopropyl fumarate/cinnamic acid ester copolymer was
78,000.

Also, the 'H-NMR measurement confirmed that the
copolymer composition was diisopropyl fumarate residue
unit/methyl cinnamate residue unit=86/14 (mol %).

Example 8

Synthesis 5 of Diisopropyl Fumarate/Cinnamic Acid
Ester Copolymer (Diisopropyl Fumarate-Isopropyl
Cinnamate Copolymer)

A glass ampule having a volume of 75 ml, was charged
with 50 g (0.25 mol) of diisopropyl fumarate, 8.4 g (0.043
mol) of isopropyl cinnamate and 0.32 g (0.0018 mol) of
tert-butyl peroxypivalate as a polymerization initiator and
after repeating purging with nitrogen and release of the pres-
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sure, sealed in the pressure-reduced state. This ampule was
placed in a constant temperature bath at 50° C. and held for 48
hours, thereby performing radical polymerization. After the
completion of polymerization reaction, the polymerization
product was taken out of the ampule and dissolved in 400 g of
tetrahydrofuran. The resulting polymer solution was added
dropwise, for precipitation, to 3 L. of methanol, and the pre-
cipitate was vacuum-dried at 80° C. for 10 hours to obtain 9 g
of a diisopropyl fumarate/cinnamic acid ester copolymer
(vield: 16%).

The number average molecular weight of the obtained
diisopropyl fumarate/cinnamic acid ester copolymer was
50,000.

Also, the 'H-NMR measurement confirmed that the
copolymer composition was diisopropyl fumarate residue
unit/isopropyl cinnamate residue unit=85/15 (mol %).

Synthesis Example 1

Synthesis 1 of Fumaric Acid Diester-Based
Copolymer (Diisopropyl Fumarate/di-n-Butyl
Fumarate Copolymer)

A 1-L autoclave equipped with a stirrer, a cooling tube, a
nitrogen inlet tube and a thermometer was charged with 1.6 g
of hydroxypropylmethyl cellulose (trade name: Metolose
60SH-50, produced by Shin-Etsu Chemical Co., [.td.), 520 g
of distilled water, 230 g of diisopropyl fumarate, 50 g of
di-n-butyl fumarate and 2.1 g of tert-butyl peroxypivalate as a
polymerization initiator and after nitrogen bubbling for 1
hour, the mixture was held at 50° C. for 24 hours with stirring
at 400 rpm, thereby performing radical suspension polymer-
ization. The polymer particle-containing liquid suspension
produced was cooled to room temperature and separated by
filtration, and the obtained particle was washed with distilled
water and methanol to obtain a fumaric acid diester-based
copolymer (yield: 80%).

The number average molecular weight of the obtained
fumaric acid diester-based copolymer was 150,000. Also, the
'H-NMR measurement confirmed that the copolymer com-
position was diisopropyl fumarate residue unit/di-n-butyl
fumarate residue unit=87/13 (mol %).

Synthesis Example 2

Synthesis 2 of Fumaric Acid Diester-based
Copolymer (Diisopropyl Fumarate/Bis-2-Ethylhexyl
Fumarate Copolymer)

A 1-L autoclave equipped with a stirrer, a cooling tube, a
nitrogen inlet tube and a thermometer was charged with 1.6 g
of hydroxypropylmethyl cellulose (trade name: Metolose
60SH-50, produced by Shin-Etsu Chemical Co., [.td.), 520 g
of distilled water, 196 g of diisopropyl fumarate, 84 g of
bis-2-ethylhexyl fumarate and 1.9 g of tert-butyl peroxypiv-
alate as a polymerization initiator and after nitrogen bubbling
for 1 hour, the mixture was held at 50° C. for 24 hours with
stirring at 400 rpm, thereby performing radical suspension
polymerization. The polymer particle-containing liquid sus-
pension produced was cooled to room temperature and sepa-
rated by filtration, and the obtained particle was washed with
distilled water and methanol to obtain a fumaric acid diester-
based copolymer (yield: 66%).

The number average molecular weight of the obtained
fumaric acid diester-based copolymer was 86,000. Also, the
'H-NMR measurement confirmed that the copolymer com-
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position was diisopropyl fumarate residue unit/bis-2-ethyl-
hexyl fumarate residue unit=84/16 (mol %).

Synthesis Example 3
Synthesis of Diisopropyl Fumarate Homopolymer

A 1-L autoclave equipped with a stirrer, a cooling tube, a
nitrogen inlet tube and a thermometer was charged with 1.6 g
of hydroxypropylmethyl cellulose (trade name: Metolose
60SH-50, produced by Shin-Etsu Chemical Co., [.td.), 520 g
of distilled water, 280 g of diisopropyl fumarate and 2 g of
tert-butyl peroxypivalate as a polymerization initiator and
after nitrogen bubbling for 1 hour, the mixture was held at 50°
C. for 24 hours with stirring at 400 rpm, thereby performing
radical suspension polymerization. The polymer particle-
containing liquid suspension produced was cooled to room
temperature and separated by filtration, and the obtained par-
ticle was washed with distilled water and methanol to obtain
a diisopropyl fumarate homopolymer (yield: 75%).

The number average molecular weight of the obtained
diisopropyl fumarate homopolymer was 120,000.

Example 9

The diisopropyl fumarate/cinnamic acid copolymer
obtained in Example 1 was dissolved in methyl isobutyl
ketone to form a 15 wt % resin solution, and the resin solution
was cast on a polyethylene terephthalate film by a coater and
dried at 130° C. for 10 minutes to obtain a 30 um-thick film
using a diisopropyl fumarate/cinnamic acid copolymer.

The obtained film had a total light transmittance of 92%, a
haze of 0.5%, and a refractive index of 1.474.

The three-dimensional refractive indices were nx=1.4716,
ny=1.4716, and nz=1.4773. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion showed a large value. Also, the out-of-plane retardation
Rth was negatively as large as —170 nm, and the ratio of
retardations (R450/R550) (wavelength dependency) was
1.05. In addition, the absolute value of the out-of-plane retar-
dation relative to the film thickness was 5.7.

These results reveal that the obtained film has negative
birefringence, where the refractive index in the thickness
direction is large, the out-of-plane retardation is negatively
large and a high out-of-plane retardation is obtained even in a
thin film, and therefore, is suitable for a retardation film.

Example 10

The diisopropyl fumarate/cinnamic acid copolymer
obtained in Example 2 was dissolved in a mixed solvent of
toluene/methyl isobutyl ketone to form a 15 wt % resin solu-
tion, and the resin solution was cast on a polyethylene tereph-
thalate film by a coater and dried at 130° C. for 10 minutes to
obtain a 30 pm-thick film using a diisopropyl fumarate/cin-
namic acid copolymer.

The obtained film had a total light transmittance of 92%, a
haze of 0.6%, and a refractive index of 1.482.

The three-dimensional refractive indices were nx=1.4796,
ny=1.4796, and nz-1.4861. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion showed a large value. Also, the out-of-plane retardation
Rth was negatively as large as —194 nm, and the ratio of
retardations (R450/R550) (wavelength dependency) was
1.07. In addition, the absolute value of the out-of-plane retar-
dation relative to the film thickness was 6.5.
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These results reveal that the obtained film has negative
birefringence, where the refractive index in the thickness
direction is large, the out-of-plane retardation is negatively
large and a high out-of-plane retardation is obtained evenin a
thin film, and therefore, is suitable for a retardation film.

Example 11

The diisopropyl fumarate/cinnamic acid copolymer
obtained in Example 3 was dissolved in a mixed solvent of
ethyl acetate/methyl isobutyl ketone to form a 15 wt % resin
solution, and the resin solution was cast on a polyethylene
terephthalate film by a coater and dried at 130° C. for 10
minutes to obtain a 15 um-thick film using a diisopropyl
fumarate/cinnamic acid copolymer.

The obtained film had a total light transmittance of 92%, a
haze 0f 0.7%, and a refractive index of 1.495.

The three-dimensional refractive indices were nx=1.4925,
ny=1.4925, and nz=1.4991. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion showed a large value. Also, the out-of-plane retardation
Rth was negatively as large as —99 nm, and the ratio of
retardations (R450/R550) (wavelength dependency) was
1.10. In addition, the absolute value of the out-of-plane retar-
dation relative to the film thickness was 7.6.

These results reveal that the obtained film has negative
birefringence, where the refractive index in the thickness
direction is large, the out-of-plane retardation is negatively
large and a high out-of-plane retardation is obtained evenin a
thin film, and therefore, is suitable for a retardation film.

Example 12

The diisopropyl fumarate/cinnamic acid ester copolymer
obtained in Example 4 was dissolved in methyl isobutyl
ketone to form a 15 wt % resin solution, and the resin solution
was cast on a polyethylene terephthalate film by a coater and
dried at 130° C. for 10 minutes to obtain a 30 um-thick film
using a diisopropyl fumarate/cinnamic acid ester copolymer.

The obtained film had a total light transmittance of 92%, a
haze of 0.7%, and a refractive index of 1.475.

The three-dimensional refractive indices were nx=1.4729,
ny=1.4729, and nz=1.4789. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion showed a large value. Also, the out-of-plane retardation
Rth was negatively as large as —180 nm, and the ratio of
retardations (R450/R550) (wavelength dependency) was
1.05. In addition, the absolute value of the out-of-plane retar-
dation relative to the film thickness was 6.0.

These results reveal that the obtained film has negative
birefringence, where the refractive index in the thickness
direction is large, the out-of-plane retardation is negatively
large and a high out-of-plane retardation is obtained evenin a
thin film, and therefore, is suitable for a retardation film.

Example 13

The diisopropyl fumarate/cinnamic acid ester copolymer
obtained in Example 5 was dissolved in a mixed solvent of
toluene/methyl isobutyl ketone to form a 15 wt % resin solu-
tion, and the resin solution was cast on a polyethylene tereph-
thalate film by a coater and dried at 130° C. for 10 minutes to
obtain a 30 um-thick film using a diisopropyl fumarate/cin-
namic acid ester copolymer.

The obtained film had a total light transmittance of 92%, a
haze 0f 0.6%, and a refractive index of 1.487.
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The three-dimensional refractive indices were nx=1.4848,
ny=1.4848, and nz=1.4915. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion showed a large value. Also, the out-of-plane retardation
Rth was negatively as large as =201 nm, and the ratio of
retardations (R450/R550) (wavelength dependency) was
1.11. In addition, the absolute value of the out-of-plane retar-
dation relative to the film thickness was 6.7.

These results reveal that the obtained film has negative
birefringence, where the refractive index in the thickness
direction is large, the out-of-plane retardation is negatively
large and a high out-of-plane retardation is obtained even in a
thin film, and therefore, is suitable for a retardation film.

Example 14

The diisopropyl fumarate/cinnamic acid ester copolymer
obtained in Example 6 was dissolved in a mixed solvent of
ethyl acetate/methyl isobutyl ketone to form a 15 wt % resin
solution, and the resin solution was cast on a polyethylene
terephthalate film by a coater and dried at 130° C. for 10
minutes to obtain a 30 um-thick film using a diisopropyl
fumarate/cinnamic acid ester copolymer.

The obtained film had a total light transmittance of 92%, a
haze of 0.6%, and a refractive index of 1.505.

The three-dimensional refractive indices were nx=1.5012,
ny=1.5012, and nz=1.5088.

Thus, in the obtained film, nx=ny<nz and the refractive
index in the film thickness direction showed a large value.
Also, the out-of-plane retardation Rth was negatively as large
as =228 nm, and the ratio of retardations (R450/R550) (wave-
length dependency) was 1.14. In addition, the absolute value
of the out-of-plane retardation relative to the film thickness
was 7.6.

These results reveal that the obtained film has negative
birefringence, where the refractive index in the thickness
direction is large, the out-of-plane retardation is negatively
large and a high out-of-plane retardation is obtained even in a
thin film, and therefore, is suitable for a retardation film.

Example 15

The diisopropyl fumarate/cinnamic acid ester copolymer
obtained in Example 7 was dissolved in a mixed solvent of
toluene/methyl ethyl ketone to form a 15 wt % resin solution,
and the resin solution was cast on a polyethylene terephtha-
late film by a coater and dried at 130° C. for 10 minutes to
obtain a 30 pm-thick film using a diisopropyl fumarate/cin-
namic acid ester copolymer.

The obtained film had a total light transmittance of 92%, a
haze of 0.6%, and a refractive index of 1.489.

The three-dimensional refractive indices were nx=1.4851,
ny=1.4851, and nz=1.4915. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion showed a large value. Also, the out-of-plane retardation
Rth was negatively as large as —192 nm, and the ratio of
retardations (R450/R550) (wavelength dependency) was
1.10. In addition, the absolute value of the out-of-plane retar-
dation relative to the film thickness was 6.4.

These results reveal that the obtained film has negative
birefringence, where the refractive index in the thickness
direction is large, the out-of-plane retardation is negatively
large and a high out-of-plane retardation is obtained even in a
thin film, and therefore, is suitable for a retardation film.

Example 16
The diisopropyl fumarate/cinnamic acid ester copolymer

obtained in Example 8 was dissolved in toluene to form a 15
wt % resin solution, and the resin solution was cast on a

15

25

40

45

16

polyethylene terephthalate film by a coater and dried at 130°
C. for 10 minutes to obtain a 30 um-thick film using a diiso-
propyl fumarate/cinnamic acid ester copolymer.

The obtained film had a total light transmittance of 92%, a
haze 0f 0.7%, and a refractive index of 1.486.

The three-dimensional refractive indices were nx=1.4845,
ny=1.4845, and nz=1.4910. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion showed a large value. Also, the out-of-plane retardation
Rth was negatively as large as —195 nm, and the ratio of
retardations (R450/R550) (wavelength dependency) was
1.11. In addition, the absolute value of the out-of-plane retar-
dation relative to the film thickness was 6.5.

These results reveal that the obtained film has negative
birefringence, where the refractive index in the thickness
direction is large, the out-of-plane retardation is negatively
large and a high out-of-plane retardation is obtained evenin a
thin film, and therefore, is suitable for a retardation film.

Comparative Example 1

The fumaric acid diester-based copolymer obtained in
Synthesis Example 1 was dissolved in a mixed solvent of
toluene/methyl ethyl ketone=50/50 to form a 20 wt % resin
solution, and the resin solution was cast on a polyethylene
terephthalate film by a coater and dried at 70° C. for 10
minutes to obtain a 30 um-thick film.

The obtained film had a total light transmittance of 92%, a
haze 0f 0.6%, and a refractive index of 1.472.

The three-dimensional refractive indices were nx=1.4712,
ny=1.4712, and nz=1.4743. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion was large, but the out-of-plane retardation was -93 nm
and the absolute value of the out-of-plane retardation relative
to the film thickness was as small as 3.1.

Comparative Example 2

The fumaric acid diester-based copolymer obtained in
Synthesis Example 2 was dissolved in a mixed solvent of
toluene/methyl ethyl ketone=50/50 to form a 20 wt % resin
solution, and the resin solution was cast on a polyethylene
terephthalate film by a coater and dried at 70° C. for 10
minutes to obtain a 30 um-thick film.

The obtained film had a total light transmittance of 92%, a
haze 0f 0.6%, and a refractive index of 1.473.

The three-dimensional refractive indices were nx=1.4723,
ny=1.4723, and nz=1.4738. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion was large, but the out-of-plane retardation was as small as
-45 nm and the absolute value of the out-of-plane retardation
relative to the film thickness was also as small as 1.5.

Comparative Example 3

The diisopropyl fumarate homopolymer obtained in Syn-
thesis Example 3 was dissolved in tetrahydrofuran to form a
22 wt % resin solution, and the resin solution was cast on a
polyethylene terephthalate film by a coater and dried at 70° C.
for 10 minutes to obtain a 21 pm-thick film.

The obtained film had a total light transmittance of 93%, a
haze 0f 0.3%, and a refractive index of 1.468.

The three-dimensional refractive indices were nx=1.4689,
ny=1.4689, and nz=1.4723. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion showed a large value, but the out-of-plane retardation Rth
was =71 nm and the absolute value of the out-of-plane retar-
dation relative to the film thickness was as small as 3.4.

These results reveal that the obtained film has negative
birefringence, where the refractive index in the thickness
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direction is large, but the out-of-plane retardation is small and
a high out-of-plane retardation cannot be also expected in a
thin film.

Comparative Example 4

The fumaric acid diester-based copolymer obtained in
Synthesis Example 1 was dissolved in a mixed solvent of
toluene/methyl ethyl ketone=50/50 to form a 20 wt % resin
solution, and the resin solution was cast on a polyethylene
terephthalate film by a coater and dried at 70° C. for 10
minutes to obtain a 15 um-thick film.

The obtained film had a total light transmittance of 92%, a
haze of 0.6%, and a refractive index of 1.472.

The three-dimensional refractive indices were nx=1.4712,
ny=1.4712, and nz=1.4743. Thus, in the obtained film,
nx=ny<nz and the refractive index in the film thickness direc-
tion was large, but the out-of-plane retardation was as small as
-47 nm and the absolute value of the out-of-plane retardation
relative to the film thickness was also as small as 3.1.

While the invention has been described in detail and with
reference to specific embodiments thereof, it will be apparent
to one skilled in the art that various changes and modifications
can be made therein without departing from the spirit and
scope of the invention.

This application is based on Japanese Patent Application
(Patent Application No. 2012-162071) filed on Jul. 20, 2012
and Japanese Patent Application (Patent Application No.
2012-233176) filed on Oct. 22, 2012, the entirety of which is
incorporated herein by way of reference. Also, all references
cited herein are incorporated by reference herein in their
entirety.

INDUSTRIAL APPLICABILITY

The diisopropyl fumarate-cinnamic acid derivative-based
copolymer of the present invention is suitable for a retarda-
tion film having excellent optical properties ensuring that, for
example, even a thin film has a high out-of-plane retardation
and the refractive index in the film thickness direction is large,
and, among others, is suitable for an optical compensation
film of a liquid crystal display element. Therefore, the indus-
trial value of the present invention is remarkable.

EXPLANATIONS OF REFERENCE SIGNS

nx: denotes the refractive index in the fast axis direction in the
film plane.
ny: denotes the refractive index in the film in-plane direction
orthogonal to nx.
nz: denotes the refractive index in the thickness direction of
the film.
The invention claimed is:
1. A diisopropyl fumarate-cinnamic acid derivative-based
copolymer, comprising:
a diisopropyl fumarate residue unit; and
a cinnamic acid residue unit or a cinnamic acid ester resi-
due unit having an alkyl group with a carbon number of
1to 6.
2. The diisopropyl fumarate-cinnamic acid derivative-
based copolymer according to claim 1, comprising:
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from 50 to 99 mol % of the diisopropyl fumarate residue

unit; and

from 1 to 50 mol % of the cinnamic acid residue unit or

from 1 to 50 mol % of the cinnamic acid ester residue
unit having an alkyl group with a carbon number of 1 to
6.

3. The diisopropyl fumarate-cinnamic acid derivative-
based copolymer according to claim 1,

wherein a number average molecular weight in terms of

standard polystyrene is from 30,000 to 500,000.

4. The diisopropyl fumarate-cinnamic acid derivative-
based copolymer according to claim 1, which is a copolymer
selected from the group consisting of a diisopropyl fumarate-
methyl cinnamate copolymer, a diisopropyl fumarate-ethyl
cinnamate copolymer, and a diisopropyl fumarate-isopropyl
cinnamate copolymer.

5. A retardation film comprising the diisopropyl fumarate-
cinnamic acid derivative-based copolymer according to claim
1.

6. The retardation film according to claim 5,

wherein when a refractive index in a fast axis directionin a

film plane is denoted by nx, a refractive index in a film
in-plane direction orthogonal thereto is denoted by ny,
and a refractive index in a film thickness direction is
denoted by nz, respective refractive indices satisty rela-
tionship of nx=ny<nz.

7. The diisopropyl fumarate-cinnamic acid derivative-
based copolymer according to claim 1, comprising:

the diisopropyl fumarate residue unit; and

the cinnamic acid residue unit.

8. The diisopropyl fumarate-cinnamic acid derivative-
based copolymer according to claim 1, comprising:

the diisopropyl fumarate residue unit; and

the cinnamic acid ester residue unit having an alkyl group

with a carbon number of 1 to 6.

9. The diisopropyl fumarate-cinnamic acid derivative-
based copolymer according to claim 1, comprising:

from 50 to 99 mol % of the diisopropyl fumarate residue

unit; and

from 1 to 50 mol % of the cinnamic acid residue unit.

10. The diisopropyl fumarate-cinnamic acid derivative-
based copolymer according to claim 1, comprising:

from 50to 99 mol % the diisopropyl fumarate residue unit;

and

from 1 to 50 mol % of the cinnamic acid ester residue unit

having an alkyl group with a carbon number of 1 to 6.

11. The diisopropyl fumarate-cinnamic acid derivative-
based copolymer according to claim 1, which is a diisopropyl
fumarate-methyl cinnamate copolymer.

12. The diisopropyl fumarate-cinnamic acid derivative-
based copolymer according to claim 1, which is a diisopropyl
fumarate-ethyl cinnamate copolymer.

13. The diisopropyl fumarate-cinnamic acid derivative-
based copolymer according to claim 1, which is a diisopropyl
fumarate-isopropy! cinnamate copolymer.
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